The paper presents a detailed analysis of the environmental conditions that can affect the signal/noise ratio at the input of receivers in modern cellular networks. We conducted computer simulations quantities of signal attenuation in adverse climatic conditions. Based on this analysis, we developed a method of regulation radiated power radio transmitting devices depending on climatic conditions and showed the block diagram of a system, which enables to implement the proposed method. Also in this paper, first proposed the concept of building a sensor network for collecting weather data.
Introduction
The last decades characterized by rapid introduction of cellular mobile communication systems intended for transferring telephone messages and digital data to mobile subscribers [19] . In the operation of such networks may be problems with the transmission of data related to the level of signal strength on the receiving side. Since the channels of radio communication always affect by various types of fading, which is a major obstacle to the efficient and reliable transmission of radio signals, it is necessary to take into account the ongoing impact of these different types of fading that can be caused by hydrometeors, attenuation in atmospheric gases etc. One of the effective methods to combat fading, in terms of automatic control theory is a method for providing feedback [20] for regulation radiated power radio transmitters. The essence of this method is that the information about the state of radio direct path and corresponding change in the parameters of the signal at the input of the radio transmission is transmitted by channel feedback, i.e. from radio to radio. Direct channel radio communication with return channel of radio control (which uses the method of feedback) is a dynamic closed system of automatic control [21] .
Analysis of research and publications
Such systems are described in a number of national researches, but their analysis and synthesis of automatic control theory point of view in the known literature is missing [4] . Known ways of organizing cellular networks [10] [11] [12] and ways of regulation radiated power of base stations (BS) and mobile stations (MS) [2, 6, 7, 13, 14] involve changing the transmitter power BS and MS, depending on the measured level of the received signal. Then the decision is accepted to increase or decrease radiated power radio transmitters BS and MS to the level required for efficient communication. These algorithms have been successfully used in cellular networks of the second, third and fourth generations [3, [17] [18] . Many beam nature propagation of radio waves strongly influences on the communication quality. That is why with negligible change location MS signal strength may be significantly reduced, even breaking the link may occur. Therefore, in addition to power control used handover algorithms (transfer calls from one base station to another) [9] .
Problem formulation
The implementation of the algorithms happens according to internal procedures specific technologies of construction cellular networks. An important role in a process of power regulation radio transmitting devices play receiver sensitivity, power transmitters, the distance between the transmitter and receiver, the number and nature of obstacles, terrain of the underlying surface. Thus, the communication quality depends on the signal/noise ratio at the input of receivers, which decreases due to the signal distribution distance, absorption of atmospheric gases, hydrometeors etc. Existing algorithms of transmitters' power regulation of radio transmitting devices make it possible to increase the radiated power to the level necessary for a quality communication session by measuring the level of signal strength. However, it may happen that the signal level can rapidly fall below acceptable level, leading to breakage of wireless communication (for example, in heavy rain, fog, snow, etc.). In this case, it will be impossible to exchange control information between the transmitting and receiving devices. In cellular networks 4th generation also possible to use the automatic shift data rates algorithms depending on the actual measured signal/noise ratio at the receiving side. However, in this case at falling of signal strength level due to climatic conditions (for example, temperature increase, absorption of atmospheric gases, hydro meteors, fog) can incur significant loss by the data rate, which cannot satisfy end users of telecommunication resources cellular networks. Thus, the main task, which should solve the proposed method, is adaptive of power regulation transmitting devices cellular networks (BS and MS), depending on climatic conditions, which should provide constant high communication quality for various climatic conditions.
The main part of research
Set tasks are solved by the fact that capacity management should be carried out depending on the climatic conditions. This may provide an opportunity to support the quality of communication at the appropriate level, even under difficult climatic conditions.
Thus was developed a method of power regulation radio transmitting devices cellular networks. In the proposed method required to use telemetry sensors that need to connect to the BS. They collect information about deviations from normal climatic conditions (ambient temperature: +20 +/-5 deg. 0 С; relative humidity 60 +/-15%; pressure: from 84 kPa to 107 kPa). Particular, determining ambient temperature, humidity, characteristics and amount of precipitations (rain, snow and their intensity), the presence of fog (its characteristics). First, be sure to set the initial level of radiated power radio transmitters Рtr0 (in dB or dBm) for certain initial conditions (for example, temperature 20 deg. 0 С, relative humidity 60 +/-15%, in the absence of hydrometeors). This level of radiation power is taken as a reference against which the level change of the power transmission devices on ΔR value happen, depending on climatic conditions. Measured telemetric information stored in a specialized telemetry data that can be stored on special servers. After recording, information processed by specialized software in the computer center of the base station. With specialized software, decision is taken about the need to increase or decrease radiated power radio transmitting devices.
In this paper, propose that amount of level change power radio transmitting devices cellular networks ΔR includes power compensation of attenuation from hydrometeors ΔRhm, to compensation of radio signal attenuation in atmospheric gases ΔRag, to temperature compensation ΔRtc, to compensation of attenuation in fog ΔRfog.
First, using telemetry sensors necessary to detect the presence of hydrometeors, fog. If they are present, the level of linear compensation is calculated using the specialized software:
-for fog [9] :
gc :linear weakening (dB/km) in the conditions of cloudiness; K l : coefficient of linear weakening ((dB/km)/(g/m 3 )); M : the density of liquid water in clouds or fog (g/m 3 ).
To calculate the coefficient of linear weakening Kl for frequencies up to 1000 GHz using a mathematical model:
where f  frequency (GHz) and
The complex dielectric permittivity of water is given by the expressions:
where:
1 ε = 5,48;
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and T  temperature (K).
The main and secondary relaxation frequencies:
f s = 590 -1 500 (θ -1) GHz.
(11) Figure 1 shows the linear dependence of the attenuation caused by drops of water at various temperatures depending on the frequency [16] . The weakening significantly felt at frequencies above 5 GHz. Thus, signals, which transmitted in the networks of WiMAX, may incur considerable weakening and radio signals exchanged between base stations using radio relay transmission systems.
-for hydrometeors [8] :
The coefficients k and  may alternatively define a function of frequency from the following equations:
where f : frequency (GHz), k : kH or kV,  : H or V. Figure 2 illustrates linear dependence of the attenuation in hydrometeors depending on the radio signal frequency for various values of the intensity of precipitation.
Then we can determine the full level of compensation capacity: In (15) and (16) lеf -is the effective length of the track signal propagation. For cellular networks, the value lеf is theoretically calculated cell radius, which determine while planning a network. If hydrometeors or fog is absent, the level of compensation is equal to 0, namely ∆Рfog =0 and/or ∆Рhm=0. Then use the specialized software to calculate the attenuation of radio waves caused by molecular absorption them in the atmosphere gases at the range of radio links which is the equivalent of:
where ag  , dB/km, -is a linear attenuation of radio waves in the atmosphere gases considering temperature correction (18) . 
where f − frequency, GHz.
To estimate
where  − absolute air humidity, g/m 3 ; f − frequency, GHz. Figure 3 illustrates the linear dependence of the attenuation in the atmospheric gases from radio frequency range from 0 to 10 GHz (Fig. 3 (a) ) and from 0 to 100 GHz (Fig. 3 (b) ).
(a) (b) Fig. 3 . The linear dependence of the attenuation in the atmospheric gases from radio frequency range from 0 to 10 GHz (a) and from 0 to 100 GHz (b)
In (17) R0= lef. Then use the specialized software, value of temperature compensation calculated by the formula [5] :
where k =1,38·10 -23 J/k -Boltzmann constant; Т -absolute temperature (К); Rspeed data transmission in a cellular network (bit/s).
Then determine the change of power transmitting devices in cellular networks ΔP:
480
Mazin Al Hadidi et al.
Thus in (22) terms ∆Рfog, ∆Рhm, ∆Рag ≥0
; ∆Рtc can be added as well as negative. Therefore, by the last parameter radiated power can both increase and decrease. After the calculations ΔP decide to change transmitters' power BS in cellular networks exactly on the value ΔP. Later BS form control message, which transmit recommendations on changing transmitters' power MS on the value ΔP.
Block diagram of the developed system of regulation radiated power radio transmitting devices of cellular networks, depending on climate conditions shown in Fig. 4 . The proposed way of collecting telemetry data to the proposed regulation system is to use specially built sensor network for these purposes, which deploying is dedicated to [15, 16] . A wireless sensor network designed for these purposes is a self-organizing network, which consists of many wireless sensor nodes distributed in space and intended to monitor the characteristics of the environment. The space that is covered with sensor networks -sensor field that is designed to collect meteorological data. Actually wireless sensor nodes are tiny devices with a limited set of resources: battery charge, memory, computing capabilities and others. It is suggested that such device has the following block diagram shown in Fig. 5 to achieve the purposes of collecting meteorological data. It is an advanced node structure of sensor network, considered in [22] .
Structurally, each node should consist of compulsory sensors (temperature, hydrometeors, humidity). In addition, we can connect optional sensors (for example, to measure seismic activity, intensity of the electromagnetic field, etc.). All sensors are connected to the signal generator via standard interfaces. Further collected information subjected to multiplexing and amplification, and then the analog signal is formed into digital one with the help of ADC (analog-to-digital converter). The digital signal from the output of the ADC is fed to the input of the microcontroller, which will transmit the processed information in parallel saving in storage for counters' data logging and to the input of the HF (high frequency) transceiver, which via HF antenna device radio signal will be transmitted to the next node.
Fig. 5. Block diagram node sensor network for collecting weather data
Technology for organizing sensor network can be developed based on many existing standards. One of them, for example, is a technology ZigBee (IEEE 802.15.4). ZigBee technology parameters listed in Table 1 . The Table 2 shows the basic specifications for ZigBee-modems of Telegesis Company. Combining these units into a single network will provide the possibility of unified picture of events and processes within the field of touch. Wireless sensor nodes will collect information and pass it further for processing and analysis. Approximate sensor network structure for solving the tasks looks as follows (Fig. 6 ). The basis of sensor network shown in Fig. 6 , constitute many sensor nodes that can communicate with each other. Sensors will be placed inside each cell. Their number should be varied depending on the nature of the terrain, the size of cells and so on. Each node can perform various functions (can act as a coordinator of the network, router or be a simple touch hub). Obligatory element of the proposed structure is a sensor network gateway (can be more than one gateway in one network) through which will transfer the collected meteorological information to the base station. The wireless sensor networks can be built on the same type or different types of sensor nodes. However, the construction is proposed exactly on diverse nodes, because the construction of a network on the similar (but more efficient units) will be much more expensive, though it can perform more tasks en-trusted to it. In a heterogeneous network, various sensor nodes can have different energy intensity, measured set of parameters, computing capabilities. Sensor nodes can be randomly located on the territories of the different density filling territory or placed in accordance with the plan of the network construction. Naturally, algorithms for data distribution between sensor nodes in the first and the second case or objects located in it will be much different. Data exchange can occur by alternatively chosen a different route, as shown in Fig. 6 . At the same sensors that are on the verge of cells may hold the nodes exchange information with the neighboring cells. Since the sensor network contains a large number of sensor nodes and the most important feature of sensor network in general must be network performance of its functions even in case of failure of some maximum possible number of sensor nodes. It is necessary to create such control algorithms of sensor nodes to minimize energy consumption and provide load redistribution between nodes. The amount of information packets transmitted, received and processed by each sensor node should be such that energy costs were minimized.
Another problem in the construction of wireless sensor networks is that the distance at which the sensor node transmits information may be significantly less than in the traditional radio systems. Therefore, transmitter power should be small (it contributes to the low power) and wireless sensor network architecture should be the distribution network of intellectual resources. Such networks related to selforganizing. Common examples of such networks are networks MANET (Mobile Ad Hoc Network) [1] . Thus, the proposed structure of the sensor network will allow collecting detailed information on the current climate, to build their weather maps within cells using specialized software and make decisions about the need to regulate radiated power radio transmitters within individual cells, thereby avoiding communication gaps. In addition, the installation of additional optional sensors to the sensor nodes allow operators to use sensor network not only for its main purpose, but also for other research or commercial purposes. Among them are the following [15] : 1) Security systems -control perimeters, the definition of invasion, remote monitoring; monitoring of staff, protection of valuable works of art, home security systems, fire alarm systems. 2) Monitoring and control environment system (humidity, temperature, composition of the air/soil/water, pressure, magnetic background) monitoring environmental pollution, migration of animals and insects. 3) Electricity system -energy management; control air-conditioning, ventilation, heating, lighting; repeaters counters for gas, water, electricity. 4) Emergencies -warning of natural disasters: forest fires, landslides, etc.; rescue people in emergencies.
Therefore, operator of cellular networks will not only cover the overhead costs of deployment supporting sensor network, but also to make parallel delivery of its lease to certain organizations or individuals. Therefore, this solution to the problem of collecting telemetry data is the most appropriate in the future, although the first phase of implementation will be required capital investments. In addition, sensor networks can be used in parallel with technology to request meteorological information from specialized meteorological data servers. This will make it possible to conduct hot backup and prevent the emergence of critical situations related to the customer service's deterioration of the quality, or with the break sessions.
Conclusions
Thus during the research it was developed a regulation system of radiated power radio transmitting devices of cellular networks depending on climatic conditions. Putting block to determine the climatic conditions of the environment and correcting transmitters' power BS and MS to existing ways of regulating transmitters' power MS and BS in cellular networks allows maintaining a constant data transmission speed on the cellular network, while providing acceptable probability of bit errors and maintaining the necessary signal/noise ratio at the receiving side. It allows cellular networks' users to receive high quality communication, while not increasing the negative impact of electromagnetic radiation from base stations because the increased capacity compensates only reduction for signal strength under the influence of climatic conditions. In further research is planned to develop the structure of the sensor network, which will collect data on the external climatic conditions within individual cell network and transmit them to the base station. Also proposed a new concept sensor network that will collect data on the external meteorological conditions within individual cell network and transmit them to the base station. In addition, this sensor network can be used in parallel to the implementation of other commercial projects, making it more attractive to mobile operators.
